A bioassay-guided fractionation yielded five new polycyclic phloroglucines derivatives, namely, gundlachiione A (1), gundlachiione B (2), gundlachiione C (3), gundlachiione D (4) and gundlachiione E (5) from the fruits of Clusia gundlachii, collected in Puerto Rico, USA. Their structures were determined by full spectroscopic data, including 2D NMR COSY, HMQC, HMBC, and NOESY experiments, and HRESIMS. Compounds 1 and 3 demonstrated activities against Leishmania donovani intracellular macrophage amastigotes in THP1 cultures, comparable to those observed for the standard drug pentamidine (IC 50 and IC 90 values 0.84 and 6.13 μg/mL, 2.32 and 3.01 μg/mL, 0.77 and 2.99 μg/mL, respectively). Both compounds, 1 and 3, also showed weak activities against L. donovani promastogotes and absence of cytotoxicity against transformed THP 1 cells.
The EtOH extract of C. gundlachii was subjected to centrifugal thin layer chromatography (CPTLC; using a Chromatotron ® ) over reversed-phase C 18 SiO 2 , packed in a custom-made ChromatoRotor TM [10] , using a gradient solvent system (see Experimental Section). Fractions 19-22 were further purified using CPTLC with silica gel plates, which afforded five new polycyclic phloroglucines, namely gundlachiione A-E (1)- (5) . Their structures ( Figure 1 ) were determined by 1D and 2D NMR spectroscopy and HRESIMS, as well as by comparing the spectral data with those reported for nemorosonol (6) [7] , machuone (7) [8] and lupulone A (8) [6] , isolated from C. nemorosa, C. sandiensis and Humulus lupulus, respectively. spectrum showed the maxima for λ max 274 and 328 nm, and the IR spectra revealed bands for hydroxyl and carbonyl groups (v max 3444 and 1644 cm -1 , respectively). The 1 H and 13 C NMR spectral data of 1 were found to be comparable with those of nemorosonol (6) [7] , except for the presence of a methyl group at C-1´´´´, instead of a phenyl group. The difference of molecular weights between 1 (440) and 6 (502) suggested that 1 contained a CH 3 group instead of a phenyl substituent. A complete structural assignment of 1 was carried out by the 2D NMR HMBC and HMQC experiments, as well as by comparing the 1 H and 13 C NMR data with those of nemorosonol (6) ( Table 1) . A 3 J and 2 J-HMBC correlations between  2.28 (H-1-Me), and  179.86 (C-1) and  108.90 (C-8), respectively, were observed in the HMBC spectrum, which confirmed the position of methyl group at C-1 of gundlachiione A (1). 13 C, DEPT and 2D HMQC NMR spectra displayed the presence of four allylic methyls (H-4, 5, 4, 5), three oxygenated tertiary methyls (H-4, 5, 2), one methyl germinal to endoperoxide moiety (6-Me), five methylenes (H-4, 7, 1, 1, 1), two methines (H-5, 2) and two olefinic protons (H-2, 2). The 13 C NMR spectrum exhibited 28 signals, including eight methyl, five methylene, four methine and eleven quaternary carbons, analyzed by 13 . These data suggested the placement of methyl group at C-1, and two isoprenyl groups at C-1 and C-3 positions. The presence of the peroxide ring was evidenced by the degrees of unsaturation calculated from the molecular formula and the two downfieldshifted oxygenated carbons C-6 (δ 82.75) and C-2 (δ 87.06), which is in agreement with those reported [11] .
As shown in Figure 2 between H-1 (δ 1.36, 1.47) and C-2 (δ 87.06), between H-5 (δ 1.73) and C-1 (δ 27.84) and C-4 (δ 40.48) in the H2BC (i.e., heteronuclear 2 bond correlation) spectrum. Likewise, the partial structure (Fig. 2C ) was deduced from HMBC correlation between H-2 (δ 2.65) and C-1 (δ 202.73) and C-9 (δ 113.21). Finally, the partial structure ( The relative configuration of H-5 and H-2 was assigned by NOESY correlations which showed cross peaks between δ 1.73 and δ 3.83, suggesting they are on the same face of the plane. The 1 H and 13 C NMR spectra of 2 (Table 2) are complicated by the doubling of most of the signals, as a consequence of the presence of the enolizable 1,3-diketone system (i.e., compounds 2a and 2b are 8-keto and 10-keto tautomeric forms, respectively). The tautomeric forms 2a and 2b were present in CDCl 3 solution in the ratio 4:1, thus allowing unequivocal assignment of signals to both the tautomers 2a and 2b (Table 2) . Based on the foregoing data and comparison of the NMR data with compound 1, the structure of 2 was determined and named as gundlachiione B.
New phloroglucines from Clusia gundlachii Natural Product Communications Vol. 13 (3) 2018 363 13 C NMR spectral data of 3 were found to be very similar with those of machuone (7) [8] except for the presence of a methyl group at C-2′, instead of a phenyl group. Machuone (7) also exhibited duplicate signals in 1 H and 13 C NMR spectra, suggested its existence in tautomeric forms [8] . The difference of molecular weights between 3 (370) and 7 (432) suggested that 3 contained a CH 3 group instead of a phenyl substituent. A complete structural assignment was carried out unambiguously on the basis of 2D NMR HMBC and HMQC experiments, as well as by comparing the 1 H and 13 C NMR data with those of machuone (7). Long-range HMBC correlations between H-2-Me ( 2.58) and C-1 ( 199.62) and C-6 ( 108.65) for the keto form 3a, and the correlations of H-2-Me ( 2.72) and C-1 ( 202.50) and C-6 ( 112.0) for the enol form 3b were observed in the HMBC spectrum, confirming the keto-enol tautomeric forms of 3. The remaining data were in agreement with those of the tautomeric forms of machuone (7) [8] , which was isolated from C. sandiensis. Therefore, the structure of 3 was established as gundlachiione C (3), which exists as 5-keto (3a) and 7-keto (3b) tautomeric forms in CDCl 3 solution. ) from HRESIMS analysis, also existed as two toutomaric forms of 4 as evidenced by NMR spectra. The 1 H and 13 C NMR spectral data of 4 were found to be very similar with those of lupulone A (8) [6] , except for the presence of a methyl group at C-2′′, instead of an isobutyl substituent. Furthermore, two isoprenyl moieties of 4 were assigned at C-4a and C-8 positions, instead of C-8 position as observed in 3. Additionally, the duplicate signals in the 1 H and 13 C NMR spectra for minor tautomer were about 10% of the major tautomer, therefore, it was difficult to assign signals for the minor tautomer. In addition, compounds 3 and 4 are optically inactive, therefore, both the compounds possibly existed as racemic forms. ) from the HRESIMS. It's NMR spectroscopic data suggested structural features similar to those observed for 3 and/ 4; however, the molecular weight of 5 suggested for an additional isoprenyl moiety compared to that of 4. The 1 H and 13 C NMR spectral data of 5 (Table 4 ) were found to be very similar with those of 4, except for the presence of an additional isoprenyl group at C-2′′′ position. The structure was fully substantiated by HMQC and HMBC analyses, and the partial structures are shown in Figure 3 (A-D) . The placement of the C-2′′′ isoprenyl moiety was confirmed by HMBC, which revealed the correlation between H-2′′′ (δ 2.45) and C-1′′′′ (δ 32.19), C-5′′′ (δ 18.34), C-4′′′ (δ 111.93), C-8 (δ 114.0), C-8a (δ 169.54), and between H-1′′′′ (δ 2.09) and C-3′′′′ (δ 131.93), C-2′′′′ (δ 123.38) and C-1′′′ (δ 47.31), as shown in (Fig. 3A-3D) . Base on the foregoing data, the structure of compound 5 was assigned as gundlachiione E.
The antiplasmodial and antileishmanial activities of compounds 1-5 were evaluated. Compound 1 demonstrated antileishmanial activities with IC 50 and IC 90 values of 0.84 and 6.13 μg/mL, and 3 with the values of 2.32 and 3.01 μg/mL, respectively, against L. donovani intracellular macrophage amastigotes in THP1 cultures, comparable to those observed for the standard drug, pentamidine (IC 50 and IC 90 0.77 and 2.99 μg/mL) ( Table 5 ). Compounds 1 and 3 were also evaluated against L. donovani promastogotes and for cytotoxicity against transformed THP 1 cells. The compounds 1 and 3 showed weak activity against promastigotes and absence of cytotoxicity against THP1 cells. Antileishmanial activity had previously been reported from Clusia species [13] . With regard to antipasmodial activitities, all compounds showed no activities when 364 Natural Product Communications Vol. 13 (3) 2018 Zhang et al. tested up to 4.5 μg/mL against P. falciparum D6 and W2 strains, as well as monkey kidney fibroblasts (VERO). These compounds were also not active against a battery of antimicrobial/ antifungal screens. This appears to be the first report of polycyclic phloroglucines 1-5 from a natural source. When comparing the new compounds 1-5 isolated from C. gundlachii with the known prenylated polyketides, it appeared that they are closely related to nemorosonol [7] , isolated from C. nemorosa, and lupulone and lupulone A, known as hops bitter B-acids, both isolated from H. lupulus [12] . Hops is used for brewing beer, and also used as a herbal medicine for treatment of anxiety, restlessness, and insomnia. Therefore, the extract of C. gundlachii, which is rich in polycyclic phloroglucines should also be explored for pharmacological usefulness like hops.
Experimental
General: Optical rotations were measured using an Autopol IV instrument at ambient temperature. UV spectra were obtained in MeOH using a Hewlett-Packard 8453 UV/VIS spectrometer. IR spectra were obtained using a Bruker Tensor 27 instrument; 1 H-NMR spectra at 400 MHz and 13 C-NMR spectra at 100 MHz were recorded on a Varian Mercury 400 spectrometer (Varian Inc.; Palo Alto, CA). Multiplicity determinations (DEPT) and 2D NMR spectra (COSY, HMQC, HMBC, NOESY) were obtained using standard Bruker pulse programs. HRESIMS were obtained by direct injection using a Bruker Bioapex-FTMS with electrospray ionization (ESI). TLC was carried out on precoated silica gel 60 F 254 plates (EMD Chemicals Inc., Germany). Compounds were visualized by observing under UV light, followed by and sprayed with 10% H 2 SO 4 -MeOH reagent followed by heating. Centrifugal preparative TLC (using a Chromatotron, Harrison Research Inc., model 8924, tagged with a fraction collector) was carried out on RP C 18 silica gel, using a custom-made rotor [10] or silica gel (coated with F 254 indicator, Analtech, Newark, DE, USA) rotor. The samples were dried using a Savant Speed Vac Plus SC210A. 
Extraction and Isolation:
The dried fruits of C. gundlachii (300 g) were grounded and extracted with MeOH (4 g). A portion of extract (3 g) was coated with RP C 18 silica gel using MeOH as solvent, which was evaporated to dryness. 80 g RP C 18 silica gel was mixed with UV indicators (254 and 355 nm; 1% each) and the dry mixture was loaded into a 6 mm ChromaRotor plate [9] . Plate was saturated with 500 mL of 60% H 2 O in MeOH. The dried RP silica gel coated powdered extract was loaded into the plate. A total of 35 fractions were obtained by running the CPTLC with gradient elution of H 2 OMeOH (60:40 to 0:100). Fractions 21 and 22, which showed good activities against L. donovanii, were selected tor further purification. Fraction 19 (304 mg) was purified using CPTLC (2 mm silica rotor) using elution of CH 2 Cl 2 -hexane (10:90-30:70) to acetone-hexane (1:99-10:90) to obtain 1 (9.2 mg), 2 (53.4 mg) and fractions 19b-19v. Fraction 19b (18 mg) was loaded to a 1 mm silica rotor and purified by CPTLC with elution of 0.5% acetone in hexane to yield compounds 3 (2.9 mg); 4, (4.9 mg). Compound 5 (11 mg) was isolated from fr. 22 (180 mg) using a 2 mm silica rotor with acetone-hexane as eluent (1.5:98.5). were added to the leishmania promastigotes culture (2x106 cells/mL). The plates were incubated at 26°C for 72 hours and growth was determined.
In Vitro Macrophage Amastigote Assay: In this assay, the THP1 cells (Human acute monocytic leukemia cell line) were maintained in RPMI1640 medium supplemented with 10% fetal bovine serum (FBS). The cells were prepared prior to each assay and suspended in RPMI1640 medium with 10% FBS at the cell density of 2.5X10 5 cells/mL, and the assay was performed using a 96 well microplate, using previously described method developed in our laboratory [15] . Each compound was tested in duplicates at six concentrations, IC 50 and IC 90 values were computed from the dose response curves.
Antiplasmodial Assay: The in vitro antiplasmodial activity, as described previously [14] , was measured by a colorimetric assay that determines the parasitic lactate dehydrogenase (pLDH) activity [16] . All the samples were tested at least in duplicates.
Supplementary Data: All spectral data are attached.
